can also be derived from these sequences in a natural way.
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I. INTRODUCTION
G IVEN a sequence of period and with elements from a finite field , the autocorrelation of the sequence at shift is defined by where is a complex th root of unity.
An important problem in sequence design is to find sequences with two-level ideal autocorrelation, i.e., where for any . Recently, much progress has been obtained for binary sequences of period . These are of considerable interest also because of their close connections to difference sets. For recent work on binary sequences with two-level ideal autocorrelation the reader is referred to [5] , [9] , [12] , [13] , [4] and [3] . Recently, there has also been some progress leading to ternary sequences with two-level ideal autocorrelation: Helleseth, Kumar, and Martinsen [7] and Arasu and Player [1] .
In this paper, we will construct new nonbinary sequences of period with ideal two-level autocorrelation. The sequences are generalizations of the ternary sequences in [7] and the proofs use the same basic ideas with some modifications.
In Section II, we will give some preliminaries and in Section III, we will present the new sequences with ideal autocorrelation. 
II. PRELIMINARIES
In this section, we will give some basic results needed in order to prove our main result. The main idea comes from the recent paper by Helleseth, Kumar, and Martinsen [7] and is based on constructing sequences which leads to quadratic forms with odd ranks. Some of the basic lemmas are essentially given in [7] , so we only indicate the proofs. Further, Trachtenberg [14] and Helleseth [6] used similar ideas during their studies of the cross correlation of nonbinary -sequences.
In the following, we let be an odd prime and let denote the trace from the field to the subfield . For simplicity, we let (resp., ) denote the trace from to (resp., from to ). Sometimes we will also use the notation and, therefore, when convenient. Throughout this paper, we let be a polynomial with coefficients in such that for any We define a nonbinary sequence via where is a primitive element in (i.e., an element of order ). We will give sufficient conditions for the nonbinary sequence to have an ideal autocorrelation and we will provide new functions with this property. Any quadratic form can be transformed into a canonical form by nonsingular transformations. The rank of a quadratic form is the (minimum) number of variables the form depends on. We next give a result concerning quadratic forms of odd rank from Dickson [2] . Any quadratic form of odd rank can be transformed into the form given in the following lemma. i.e., is odd. This will always be the case for the new sequences we construct in this paper.
III. NEW NONBINARY SEQUENCES WITH IDEAL AUTOCORRELATION
The main result is to construct new nonbinary sequences with ideal two-level autocorrelation. 
Remark:
The recently found ternary sequences in Helleseth, Kumar, and Martinsen [7] are (within equivalence) obtained from Theorem 2 by letting , , and, therefore, .
The following corollary generalizes and solves Conjecture A in Ludkowski and Gong [8] . Table I gives some parameters of sequences with ideal twolevel autocorrelation obtained in this paper. Note that and give the same sequences. A problem for further investigation is to find more functions that lead to sequences such that each of the corresponding quadratic forms (one for each shift ) has an odd rank for all nonzero shifts.
Finally, we note that it is straightforward (for example, using methods in No [10] ) to see that the sequences lead to difference sets in a natural way, i.e., Using ideas in No [10] , [11] , the sequences in this paper are excellent building blocks for constructing other sequences with ideal autocorrelation as well as many other families of difference sets. 
